To investigate whether the changes in IGF-I concentrations after weight reduction in Japanese overweight men are associated with changes in visceral and subcutaneous fat. DESIGN: Cross-sectional and longitudinal clinical intervention study with exercise education. SUBJECTS: One-hundred and twelve Japanese overweight men aged 30 -59 y (body mass index (BMI) 28.4 AE 2.5 kg=m 2 ) and 33 normal-weight men aged 30 -39 y (BMI 22.1 AE 1.5 kg=m 2 ) at baseline. From the participants, 56 randomly selected overweight men (BMI 28.8 AE 2.8) were further enrolled into a 1 y exercise program. MEASUREMENTS: Fat distribution was evaluated by visceral fat (V) and subcutaneous fat (S) areas measured with computed tomography scanning at umbilical levels, metabolic parameters and hormones including insulin, leptin and IGF-I at baseline and after 1 y. RESULTS: In 112 overweight subjects at baseline, insulin (10.5 AE 5.0 mU=ml) and leptin (6.4 AE 3.7 ng=ml) significantly correlated with both V (r ¼ 0.260, P ¼ 0.0073; r ¼ 0.410, P < 0.0001) and S areas (r ¼ 0.377, P < 0.0001; r ¼ 0.613, P < 0.0001), respectively. IGF-I (156.8 AE 48.7 mU=ml) significantly and negatively correlated with V area (r ¼ 7 0.242, P ¼ 0.0125) and age (r ¼ 7 0.192, P ¼ 0.0480). In normal-weight men aged 30 -39 y (n ¼ 33) and age-matched subjects (n ¼ 30) selected from the 112 overweight men, the serum IGF-I further tightly correlated with V area (r ¼ 7 0.467, P < 0.0001). Visceral fat area and age were independently related to serum IGF-I levels by multiple regression analysis. By intervention with exercise education, 56 overweight subjects showed an increase in daily steps (6224 AE 2781 to 7898 AE 4141 steps=day) and reduction of BMI (28.8 AE 2.8 to 27.7 AE 2.9). DIGF-I significantly correlated with DV area (r ¼ 7 0.432, P ¼ 0.0009) but not with DS area or DBMI. CONCLUSION: The present study indicated a negative correlation between IGF-I levels and visceral fat at baseline as well as an association between the reduction in visceral fat and increase in IGF-I levels after an exercise intervention.
Introduction
Excess of body weight increases the risk of death from any cause and from cardiovascular disease in adults between 30 and 74 y of age. The relative risk associated with greater body weight is higher among younger subjects. 1 In addition, the regional distribution of body fat is also recognized as a critical determinant for vascular complications. Accumulation of abdominal fat estimated from anthropometric variables, such as waist-to-hip ratio and waist circumference, is the major risk factor of cardiovascular diseases both in men and women. 2, 3 It is now generally accepted that abdominal obesity is frequently associated with highly atherogenic metabolic complications, such as insulin resistance, hyperinsulinemia, hypertension, glucose intolerance and dyslipidemia. 4, 5 In obesity, it has been reported that both basal and stimulated growth hormone (GH) secretion are reduced. Although GH stimulates insulin-like growth factor I (IGF-I) synthesis and release by the liver and other peripheral tissues, there are still controversies regarding IGF-I concentrations in obese subject, which have been reported to be normal, 6 -9 reduced 10 -16 or high. 17 -19 It is widely accepted that GH is a major determinant of serum IGF-I level; however, many factors which affect the IGF-I level have been reported. For example, IGF-I concentrations in obese subjects are negatively and independently associated with body mass index (BMI) as well as age. 16 Furthermore, it has been shown that the elevated leptin in overnutrition, probably through increased insulin secretion, induces upregulation of GH receptor and increases IGF-I secretion despite low GH secretion. 20, 21 It is interesting to note that, in GH deficient obese adults, recombinant human GH (rhGH) treatment reduced visceral fat and metabolic abnormalities in patients with syndrome X. 22 This report suggested that abnormality of the GH=IGF-I axis plays a pivotal role in the pathogenesis of abdominal obesity and its complications. To investigate such a role, we studied healthy overweight men aged 30 -59 y who volunteered for the study. We measured IGF-I concentrations and visceral and subcutaneous fat areas with computed tomography (CT), and compared with hormonal variables, and clinical parameters at baseline and after a 1 y exercise intervention.
Subjects and methods
Subjects Japanese overweight men (n ¼ 112), aged 30 -59 y (44.9 AE 7.4) and 30 normal-weight men, aged 30 -39 y (34.7 AE 2.5), were enrolled into this study with written informed consent. Overweight was diagnosed according to the criteria of WHO 23 and the average BMI of overweight and normal-weight subjects was 28.4 AE 2.5 (25.1 -39.9) and 22.1 AE 1.5 (18.3 -24.1), respectively. All subjects did not receive any medications for diabetes, hypertension and=or dyslipidemia throughout the observation period.
In a first cross-sectional analysis, we used baseline data on 112 overweight subjects, aged 30 -59 y, and investigated the relationships between body fat distribution, IGF-I, IGFBP-3, leptin and insulin concentrations. From these participants, we selected overweight subjects aged 30 -39 y (average 35.5 AE 2.7 y, n ¼ 30) to compare with the age-matched normal-weight Japanese healthy volunteers (average 34.7 AE 2.5 y, n ¼ 33).
In a second longitudinal analysis, we used follow-up data from 56 subjects (45.7 AE 7.2 y) randomly selected from the 112 overweight participants, who met the following criteria: (1) no electrocardiogram changes in response to exercise; (2) a repeat CT scan at follow-up; (3) a follow-up duration of 1 y; (4) joining exercise program at Okayama Southern Institute of Health. They visited the Okayama Southern Institute of Health weekly and were monitored for 1 y. Daily steps were measured by pedometer (WZ100A, SEIKO Corporation, Japan) and the 7 days average was monitored every week throughout follow-up period. They were instructed to check daily steps every day and increase daily walking by at least 1000 steps compared to the daily walking at baseline. In addition, trained nutritionists determined total energy intake using food diaries before and after the 1 y follow-up. The aim of this study was to examine the IGF-I response to the reduction of visceral adipose tissues after regular exercise.
Blood pressure measurement, blood sampling and hormone assays Blood pressure of each participant was measured twice after resting for at least 15 min in a sitting position. We measured overnight fasting serum levels of total cholesterol 24 and high density lipoprotein (HDL) cholesterol, 25 triglycerides (L Type Wako Triglyceride Á H, Wako Chemical, Osaka, Japan), uric acid, liver enzymes (AST, ALT, g-GTP), total insulin-like growth factor-I (IGF-I), IGF binding protein-3 (IGFBP-3), insulin, leptin and plasma glucose. Homeostasis model assessment of insulin resistance (HOMA-IR ¼ (fasting insulin (mU=ml)Âfasting glucose (mmol=l)=22.5) was calculated as an indicator of insulin resistance. 26 Insulin levels were measured by immunoradiometric assay (IRMA) using INSULIN RIABEAD 1 II (DAINABOT, Tokyo, Japan). Serum leptin was measured by human leptin radioimmunoassay (RIA) kit (Linco Research, St Charles, MO, USA). Total IGF-I was determined with IGF-I (somatomedin-C) IRMA 'Daiichi' (Daiichi Isotope Research, Tokyo, Japan). IGFBP-3 was measured by radioimmunoassay (RIA; Bioclone Australlia Pty Ltd, NSW, Australia).
Visceral and subcutaneous fat areas
The intra-abdominal visceral fat and the subcutaneous fat areas were measured by CT scan at the umbilical levels. 27 CT films were converted into digital images and both visceral and subcutaneous fat areas were measured with image analysis software OPTIMAS version 6.5 (Media Cybernetics, Silver Spring, MD, USA). The intraperitoneal area with same density as the subcutaneous fat layer was defined as visceral fat area.
Statistical analysis
All data are expressed as mean AE standard deviation (s.d.) values. Differences between groups were examined for statistical significance using the Student's t-test (for paired or unpaired data). The correlations between fat distribution (S and V areas) and the quantitative variables, ie age, BMI, fasting plasma glucose, insulin, HOMA-IR, leptin, IGF-I and IGFBP-3 were studied by linear regression analysis using Pearson coefficient. In addition, IGF-I and the variables, ie S and V areas, age, BMI, fasting plasma glucose, insulin, HOMA-IR, leptin and IGFBP-3, were also examined. To further determine the variables independently associated with IGF-I levels, a stepwise multiple regression analysis was performed. All parameters were used as independent variables. P-values less than 0.05 were considered statistically 
Results

Baseline clinical characteristics of overweight subjects
The clinical characteristics of 112 overweight subjects are shown in Table 1 . The visceral fat (V) area was 105.5 AE 46.9 cm 2 and the subcutaneous fat (S) area was 149.3 AE 52.4 cm 2 in overweight subjects. The presence of systolic blood pressure > 140 mmHg and=or diastolic pressure > 90 mmHg was noted in 40 overweight men.
Simple correlations of fat distribution with age, BMI, insulin, HOMA-IR, leptin, IGF-I, and IGFBP-3 The fasting serum insulin levels positively correlated with both S area (r ¼ 0.377, P < 0.0001) and V area (r ¼ 0.260, P ¼ 0.007). HOMA-IR was found to positively correlate with S area (r ¼ 0.378, P < 0.0001), but not with V area (r ¼ 0.177, P ¼ 0.0705) ( Figure 1 , Table 2 ). The fasting serum leptin concentration showed positive correlations with both S area (r ¼ 0.613, P < 0.0001) and V area (r ¼ 0.410, P < 0.0001; Figure 2 , Table 2 ). IGF-I levels were negatively correlated with V area (r ¼ 7 0.242, P < 0.0125); however, significant correlation with S area was not found ( Figure 3 , Table 2 ). The serum IGFBP-3 did not reveal significant correlation with either S or V areas. The fasting serum leptin concentration significantly correlated with the fasting serum insulin (r ¼ 0.484, P < 0.0001) and HOMA-IR (r ¼ 0.453, P < 0.0001), however it was not related to the serum IGF-I concentration. Table 2 ). Since serum IGF-I levels gradually decrease with age, we investigated the relationship between the serum IGF-I and V area among age-matched normalweight subjects (average 35.5 AE 2.7 y, n ¼ 33) and overweight subjects (average 34.7 AE 2.5 y, n ¼ 30). The clinical characteristics of normal-weight and overweight subjects are shown in Table 3 . The serum IGF-I levels of the overweight subjects were significantly lower than the normal-weight subjects; in turn the IGFBP-3 levels of the overweight subjects were significantly higher than the normal-weight subjects. In Figure 2 Correlation between leptin and fat distribution in overweight subjects (n ¼ 112). The fasting serum leptin significantly correlates with both subcutaneous fat (S) area (r ¼ 0.613, P < 0.0001) and visceral fat area (r ¼ 0.410, P < 0.0001). Reduced serum IGF-I levels and visceral fat M Kunitomi et al age-matched overweight and normal-weight subjects, the serum IGF-I negatively correlated with V area (r ¼ 7 0.467, P < 0.0001). Although serum IGF-I in overweight subjects was significantly lower compared with normal-weight subjects, linear analysis revealed that IGF-I did not significantly correlate with BMI ( Figure 4 ).
Visceral fat area and age are independently related to serum IGF-I by multiple regression analysis
The linear regression analyses were followed by a multiple regression analysis using IGF-I as the dependent variables to further analyze the significant predictors (Table 4) . In model 1, all 112 Japanese overweight men were analyzed. Age, V area and IGFBP-3 were independently related to serum IGF-I levels. All other variables including BMI, S area, FPG, insulin, HOMA-IR and leptin did not enter the equation at significant levels. In model 2, 30 age-matched Japanese overweight men and 33 normal-weight men are analyzed. Age and V area were independently related to serum IGF-I levels. All other variables did not enter the equation.
Reduction of V area is associated with elevation of serum IGF-I level
At follow-up after 1 y of increased daily walking, 56 obese subjects repeated the same examinations as baseline. After exercise education by instructors, daily steps significantly increased at 4 months and maintained until end of the observation period ( Figure 5 ). Their BMI decreased from 28.8 AE 2.8 to 27.7 AE 2.9 (kg=m 2 ), V area from 109.8 AE 53.7 to 92.1 AE 48.9, and S area 152.3 AE 50.5 to 130.4 AE 52.5 (cm 2 ). Total energy intake also significantly decreased from 2023 AE 474 kcal to 1897 AE 415 kcal. DV area significantly correlated with DIGF-I (r ¼ 7 0.432, P ¼ 0.0009), while both DS area and DBMI did not show significant relations with DIGF-I (r ¼ 7 0.210, P ¼ 0.1199; r ¼ 7 0.164, P ¼ 0.2281, respectively; Figure 6 ). Reduced serum IGF-I levels and visceral fat M Kunitomi et al
Discussion
The evaluation of total IGF-I levels in obese subjects has yielded conflicting results, with normal, 6 -9 low 10 -16 or high 17 -19 serum concentrations. Studies on selected obese patients have shown that low IGF-I levels are observed in those with abdominal obesity associated with higher serum concentrations of non-esterified fatty acids, and negative correlations were found between IGF-I levels and the amount of visceral fat. 12, 13 The studies of larger numbers of obese and non-obese subjects indicated that IGF-I concentrations were negatively correlated with age and BMI; however, they were not associated with fat distribution, ie waist -hip ratio. 15 It is now generally accepted that the total IGF-I concentrations are normal or slightly reduced within the normal range in obesity despite the marked impairment of both basal and stimulated GH secretion. 29 No significant relation between fat distribution and IGF-I levels in the studies with large numbers of subjects may be due to inaccurate assessment of fat distribution such as waist -hip ratio. Thus we performed CT scans on a large number of Japanese overweight and normal-weight subjects and investigated the relation between abdominal fat accumulation and IGF-I levels. Since the obesity-related complications such as diabetes and atherosclerotic vascular disease also influenced the serum IGF-I levels in previous studies, only overweight Japanese men who were not taking any medications for diabetes, hypertension or other vascular diseases were enrolled into the study.
The main finding in the study is the inverse relationship between total IGF-I levels and visceral fat area in Japanese overweight men (n ¼ 112). By evaluating the age-matched normal-weight and overweight subjects aged 30 -39 y (n ¼ 63), IGF-I levels are further closely associated with V area; however, no significant relation with BMI or S area is observed. In addition, visceral fat area and age are independently related to serum IGF-I by multiple regression analysis. This evidence suggests that a reduced IGF-I serum level is tightly related to the accumulation of abdominal fat. Furthermore, the longitudinal follow-up study also supported this notion, since DV area was significantly correlated with DIGF-I after the 1 y exercise program.
Recent work has suggested that overnutrition causes hyperinsulinemia, which increases GH-receptor and IGF-I secretion despite low GH secretion. 30 In addition, a decreased binding of IGF-I to its receptor has been reported, 19 and thus obesity is characterized by increased sensitivity to GH as well as resistance to IGF-I. 29 Hypoactivity of IGF-I, as observed in patients with GH deficiency, causes metabolic alterations such as insulin resistance, hypertriglyceridemia and low HDL-cholesterol associated with accumulation of visceral adipose tissue. Furthermore, rhGH therapy restores biochemical, metabolic alterations and even reduces the visceral adipose tissue mass. 22 The GH=IGF-I system plays a predominant role in muscle strength and has favorable effects on body composition 31 and GH has direct lipolytic effects and indirect anabolic and growth promoting effects Reduced serum IGF-I levels and visceral fat M Kunitomi et al mediated by IGF-I. Such observations suggested that the GH=IGF-I axis plays a pivotal role in metabolic syndrome X and vascular complications observed in obese subjects. Recently, it has been reported that measurement of the free fraction of IGF-I demonstrates higher levels in obese patients compared with lean subjects despite a normal or reduced level of total IGF-I. 32 -34 This is probably explained by a reduced level of IGFBP-1 and IGFBP-2, 32 -35 whose expression is inhibited by insulin, that is generally increased in obese subjects. In contrast, a high or normal serum level of IGFBP-3 has been reported in obese subjects. 34, 35 Since GH and insulin were shown to positively control IGFBP-3, an elevated level of IGFBP-3 may reflect increased sensitivity to GH and increased serum level of insulin in obese subjects. Leptin is another regulator of the GH-IGF-I axis. In rodents, leptin stimulated GH release 36 and in human elevated serum leptin in hypopituitary patients was reduced by GH treatment. 37, 38 Thus an elevated leptin level and low GH level would fit the concept of a leptin resistance in obese subjects. 29 The estimation of visceral adipose fat, ie V area, is well correlated with atherogenic risk factors such as . DV area significantly correlated with DIGF-I (r ¼ 7 0.432, P ¼ 0.0009), while both DS area and DBMI did not show significant relationships has with DIGF-I (r ¼ 7 0.210, P ¼ 0.1196, r ¼ 7 0.164, P ¼ 0.2269, respectively).
Reduced serum IGF-I levels and visceral fat M Kunitomi et al hypertension, reduced HDL and elevated triglyceride levels. The measurement of V area seems to be clinically useful because it is tightly linked to atherogenic risk factors. Exercise was associated with a decrease in abdominal fat mass and an increase in IGF-I levels, and thus it serves as a valuable follow-up marker in the course of obesity treatment. It also suggested that GH-IGF-I may be involved in abdominal obesity and the possibility is raised of using rhGH or IGF-I for the reduction of abdominal fat accumulation in addition to exercise and diet therapy.
